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Mild Hearing Impairment Can Reduce Verbal Memory Per-
formance in a Healthy Adult Population*
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J. F. M. Metsemakers3, and J. Jolles1
Departments of 1Psychiatry and Neuropsychology, 2 Otolaryngology, and
3 General Practice, Maastricht University, The Netherlands
ABSTRACT
We studied to what extent immediate and delayed recall in an auditory verbal learning paradigm was
affected by basic information processing speed (digit copying) and hearing acuity (average hearing acuity
at 1, 2 and 4 KHz at the better ear). A group of 453 individuals in the age between 23 and 82 years with no
overt hearing pathology was recruited from a larger study of cognitive aging (Maastricht Aging Study,
MAAS). After controlling for age, sex, educational level, and processing speed it was found that a mild to
moderate hearing loss predicted lower verbal memory performance. Auditory administered verbal memory
tests can underestimate true memory performance, particularly in older individuals with unknown hearing
status.
Short-term and long-term memory function is
generally assessed in clinical practice by using
multi-trial word learning tests, such as the
Buschke selective reminding paradigm, the Rey
Auditory Verbal Learning Test and the Califor-
nia Verbal Learning Test (Lezak, 1995). In such
paradigms, series of words are usually presented
auditorily and one is asked to recall the words
directly after presentation (immediate recall)
and again after a fixed period of time (delayed
recall). Although it seems obvious that reliable
estimates of verbal memory performance can
only be obtained in individuals with unimpaired
hearing, it is not clear to what extent verbal
memory function is compromised by mild hear-
ing impairment. If this association is robust, it
may have implications for the use of such tests
in clinical practice. The present paper examines
this issue in a population-based study sample of
community living individuals aged 24 to 81
years.
There is circumstantial evidence that hearing
ability plays a role in verbal learning perfor-
mance. In one study no difference was found
between auditory and visual presentation of
monosyllabic words on free recall by younger
individuals (Brand & Jolles, 1985). Another
study showed that the free recall performance of
young adults was slightly better when words
were presented auditorily whereas the perfor-
mance of older individuals (50 years and older)
was better when the words were presented visu-
ally (Rabbitt, 1990). This difference increased
with age. The author suggested that the age-re-
lated decline in hearing was the primary media-
tor of these modality-specific differences in test
outcome.
The case for the involvement of hearing loss
in auditory learning performance is based upon
the notion that the recall of auditorily presented
words depends on proper perception of the tar-
get words. Pure-tone sensitivity in the frequency
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range of speech (.5-4 KHz) is generally consid-
ered the most crucial component of hearing abil-
ity. The hearing impairment of older age is char-
acterized by a loss of sensitivity in the higher
frequencies (2-4 KHz, Kline & Scialfa, 1996).
This decline proceeds at a rate of 3 dB per de-
cade under the age of 55 and 9 dB per decade
thereafter. Age differences in speech perception
are only minimal after correction for age-related
differences in pure-tone sensitivity (Helfer,
1992; Lutman, Gatehouse & Worthington, 1991;
Sommers, 1997).
The ability to understand speech appears to
be related to two major factors (Van Rooij &
Plomp, 1992): a loss of sensitivity to high fre-
quencies in the speech spectrum accounts for
approximately two thirds of the systematic vari-
ance in speech perception tests and another one
third of this variance is explained by central au-
ditory factors, more specifically information
processing speed and memory capacity (Van
Rooij & Plomp, 1990; 1991). These factors are
themselves affected by age (e.g., Van Boxtel et
al., 1998). It seems therefore important to incor-
porate both a measure of information processing
speed and other known covariates of cognitive
function, such as age and educational level,
when the relationship between hearing acuity
and verbal memory function is studied in a sta-
tistical model (for a discussion on the central
role of speed in the age-cognition relationship,
see Salthouse, 1992).
In this study the following main questions are
addressed. Firstly, to what extent is the outcome
of the auditory verbal memory test mediated by
a loss of pure-tone sensitivity, and secondly, is
the impact of hearing acuity on verbal memory
performance mediated by the speed of informa-
tion processing?
METHOD
Participants
The population consisted of 453 participants from
a larger study on determinants of cognitive aging,
the Maastricht Aging Study (MAAS; Jolles, Houx,
van Boxtel, & Ponds, 1995). Participants were re-
cruited from the Registration Network Family
Practices (RNH, Metsemakers, Höppener, Knott-
nerus, Kocken, & Limonard, 1992), a sample
frame for research in primary care. Individuals
were excluded when evidence of stroke, mental
retardation, or chronic neurological pathology (e.g.
dementia, epilepsy, parkinsonism, and malignan-
cies related to the central nervous system) was
present in the RNH patient records. Participants
were stratified for three demographic variables that
are known to be related to cognitive outcome mea-
sures: Age (12 levels, ranging from 25 ± 1 year, 30
± 1 year, ..., to 80 ± 1 year), Sex, and level of Gen-
eral Ability (2 levels, based on educational level
and achievement in professional life; Van Berkel
& Tax, 1990). In total 676 individuals were avail-
able for participation in the study. Of the latter
group who was contacted by telephone 475 indi-
viduals completed the test program: 28 respon-
dents did not meet the exact age criteria, 81 with-
drew and 92 were excluded for different reasons
(chronic use of psychoactive medication 35, status
incompatible with cognitive testing 14, Mini-Men-
tal State Examination (MMSE); Folstein, Folstein,
& McHugh, 1975) score below cutoff 13, recent
cerebrovascular disease 8, other reasons 22). Data
from 13 participants who used a hearing aid in one
or both ears were not included in this analysis, and
nor were the incomplete data from 9 participants,
leaving 453 complete cases (Table 1). For a full
description of the study sample see Jolles et al.
(1995).
Measurements
Participants were asked by means of questionnaire
whether they had hearing problems in daily life
(‘Can you hear well (if necessary and applicable,
with the use of a hearing aid)?’ [yes/no]). Educa-
tional level was indexed on an 8-point scale, rang-
ing from primary school (1) to higher vocational
training and university degree (8) (Jolles et al.,
1995). This measure was used in further analyses
to control for the effects of schooling on cognitive
parameters.
Cognitive assessment
General information processing speed (Speed) was
assessed with the paper-and-pencil Letter-Digit
Symbol Test, a modified version of the Symbol
Digit Modalities Test (Smith, 1968). Participants
are asked to copy numbers in cells that are indexed
by a letter. The letter refers to nine letter-number
pairs in the key at the top of the form. Outcome is
the total number of correctly copied numbers
within 90 seconds.
Measures of verbal memory were derived from
the Auditory Verbal Learning Test (Brand &
Jolles, 1985), which evaluates the ability to ac-
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Fig. 1. Hearing acuity as a function of age. The fit (R2) of the quadratic regression function is .395.
quire and retain novel verbal information. A set of
fifteen frequently used monosyllabic words is pre-
sented to the participant in each of five subsequent
trials. One is asked to reproduce all memorized
words immediately after each trial and again 20
minutes after the last trial. Both the sum of cor-
rectly reproduced words (AVLT-tot) and the maxi-
mum score in five trials (AVLT-max) are recorded
as measures of immediate recall. The score after
20 minutes is an estimate of delayed recall capac-
ity (AVLT-del). For this test the target words were
pronounced by a professional speaker in a digital
recording studio. Words were presented with a
high-fidelity stereo speaker system connected to a
microcomputer. The volume of the audio system
was set to optimal level for each participant and
was kept constant for the duration of the test ses-
sion.
Hearing acuity
Pure-tone air conduction thresholds were measured
in dB for each ear at .5 – 1 – 2 and 4 KHz Hz, us-
ing a screening audiometer (Interacoustics AS7,
Denmark). The overall hearing acuity was ex-
pressed as the average of hearing thresholds at 1, 2
and 4 KHz for the better ear, according to recom-
mendations for the assessment of hearing handicap
(Davis, 1995). In the Netherlands, the mean hear-
ing loss has to be 35 dB or more in the better ear
before a person can qualify for a hearing aid paid
for by health insurance.
Data analysis
Nonlinear trends in the data were identified in or-
der to perform linear regression modelling. Exist-
ing quadratic effects of age on hearing acuity (Fig.
1), speed, and memory variables were included in
the regression models as the residual of age-
squared (Age2-res) after the removal of the linear
age component in this term. This procedure is nec-
essary to make age and age-squared orthogonal,
thereby avoiding collinearity of these variables
(Earles, Connor, Smith, & Park, 1997). The exper-
imental model described in Figure 2 was broken up
in three subsequent steps. In Model 1 the predic-
tive value of Age, Age2-res, Education, and Sex
for the factor Speed was tested in a regression
analysis, which calculated a residual score for
Speed (Speed-res). The same procedure was fol-
lowed in Model 2 in which hearing acuity served
as the outcome measure. The Speed-res variable
was then forced into the model to test the addi-
tional contribution of Speed to hearing acuity.
Next, the calculated residual values of Speed and
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Age/Age2
Education
Sex
Hearing
Acuity
Information
Processing Speed
Verbal Word
Learning
Model 1 Model 2 Models 3 to 5
Fig. 2. Overall model that was tested in discrete
steps using multiple regression analysis
(Model 1 to 5), as is described in the text. In
this model hearing acuity, information pro-
cessing speed, and demographic variables
were linked to verbal word learning perfor-
mance. Age2 indicates the quadratic compo-
nent of the age effect.
Table 2. Zero-Order Correlations (Pearson) Between Untransformed Variables that Were Included in the Regres-
sion Models (N = 453).
Variable 1 2 3 4 5 6 7 8 9
1. Age
2. Age2
3. Sex
4. Educational level
5. Speed
6. Hearing acuity
7. AVLT–tot
8. AVLT–max
9. AVLT–del
M
(SD)
–
.99
.02
–.40
–.66
.58
–.51
–.41
–.41
51.4
(16.5)
–
.02
–.38
–.66
.59
–.52
–.42
–.42
2915.9
(1725.0)
–
–.11
.03
.02
.24
.29
.27
–
–
–
.46
–.32
.31
.23
.20
3.6
(1.8)
–
–.46
.53
.45
.44
47.5
(12.1)
–
–.43
–.37
–.36
14.5
(8.8)
–
.90
.82
44.8
(9.6)
–
.79
11.6
(2.3)
–
9.4
(3.0)
Note r .03, p = not significant; r = –.11, p = .01; all other r’s, p .001.
hearing acuity were tested in the final Models 3, 4,
and 5 as predictors of word learning performance
(AVLT-tot, AVLT-max, and AVLT-del, respec-
tively). Again, the calculation of residual scores
for Speed and hearing acuity and their subsequent
use as predictors instead of the original variables
was done to assure sufficient statistical indepen-
dence of predictor variables in the final regression
models.
In all stages of the analysis the residual scores
after regression were inspected for systematic
trends, but none were identified.
RESULTS
Table 1 displays demographic information about
the study population and descriptive statistics of
variables that were used in the analyses. Zero-
order correlations between predictors and out-
come variables are presented in Table 2. Rela-
tively strong negative associations were found
between Age and cognitive measures (range
–.41 to –.66) and between Hearing Acuity and
cognitive variables (range –.36 to –.43 for
AVLT variables, –.46 for Speed, respectively).
Information processing speed (Speed) was asso-
ciated with memory performance (range .44 to
.53).
Speed was used as the dependent measure in
Model 1. Forty-nine percent of the variance in
Speed was explained by the variables Age,
Age2-res (residual of Age2, after regression of
Age on Age2), Sex, and Educational level. The
contribution of Sex was not significant (Table
3).
The residual value of Speed derived from the
regression analysis of Model 1 was entered in
Model 2 for Hearing Acuity, after the introduc-
tion of the same demographic variables used in
Model 1 in the first step of the analysis. Speed-
res did not explain additional variance in step 2,
which indicates that, after control for demo-
graphic characteristics, there was no relationship
between information processing speed and hear-
ing ability.
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Table 3. Results of Regression Analysis in Separate Models for Speed, Hearing Acuity and Auditory Verbal
Learning Performance.
Model 1 Speed Model 2 Hearing
Acuity
Model 3 AVLT-tot Model 4 AVLT-max Model 5 AVLT-del
Step B (SE) B (SE) B (SE) B (SE) B (SE)
1. Age
Age2-res
Sex
Education
2. Speed-res
3. HA–res
–.415
–.004
1.581
1.672
(.027)***
(.002)***
(.822)***
(.252)***
–.287
–.005
–.003
–.576
–.067
(.022)***
(.001)***
(.663)***
(.204)***
(.038)***
–.263
–.005
5.202
–.914
–.223
–.151
(.023)***
(.001)***
(.698)***
(.214)***
(.040)***
(.050)***
–.049
–.001
1.415
–.173
–.050
–.041
(.006)***
(.000)***
(.174)***
(.054)***
(.010)***
(.012)***
–.070
–.001
1.709
–.138
–.067
–.050
(.007)***
(.000)***
(.238)***
(.073)***
(.014)***
(.017)***
Step R2 ()R2) R2 ()R2) R2 ()R2) R2 ()R2) R2 ()R2)
1.
2.
3.
.491 (.491)*** .366
.371
(.366)***
(.005)***
.363
.403
.416
(.363)***
(.040)***
(.013)***
.282
.319
.335
(.282)***
(.037)***
(.016)***
.256
.294
.307
(.256)***
(.038)***
(.013)***
Note HA = hearing acuity, )R2 = R2-change.
* p .05; ** p .01; *** p .001
Displayed in the top half are regression coefficients B and (SE) in the final models, and in the bottom half the total R2 (and significance
of R2-change), after entry of the block of demographic variables Age to Education in step 1 (Models 1 to 5), residual Speed in step 2
(Models 2 to 5) and Hearing Acuity in step 3 (Models 3 to 5).
In models 3 to 5 the relationships were tested
between Hearing Acuity and AVLT perfor-
mance, after removal of the variance related to
demographic variables in step 1 and Speed-res
in step 2. Demographic variables accounted for
26% (AVLT-del) to 36% (AVLT-tot) of the
variance in performance of the memory tests.
Four percent of the variance in these measures
was additionally explained by Speed-res in step
2 of the analysis. This indicates that higher in-
formation processing speed was associated with
better memory performance, independent of de-
mographic variables. Finally, when the residual
score of Hearing Acuity that was derived from
Model 2 was entered in step 3, an increase in
explained variance was observed of 1.3% for
AVLT-tot and AVLT-del, and 1.6% for AVLT-
max. Lower levels of Hearing Acuity were asso-
ciated with lower AVLT performance.
In an additional analysis, the Age by Hearing
Acuity interaction term was tested in step 4 of
Models 3 to 5 (results not shown) . This was
done to test if the Hearing Acuity effect was
modified by age level. However, no such inter-
action was found, indicating that the association
between Hearing Acuity and AVLT-perfor-
mance was not age-dependent.
To put these findings in a more clinical per-
spective: based on the regression coefficients in
Table 3, one may conclude that the predictive
value of a 10dB loss in hearing acuity was com-
parable in size to that of being 5.7, 8.4, or 7.1
years ‘cognitively older’ (Models 3 to 5, respec-
tively), after correction for all background vari-
ables.
DISCUSSION
Pure tone hearing loss was negatively associated
with immediate and delayed recall in the verbal
memory test in our normal aging population
sample. This association was found even though
test conditions were optimized by adapting the
volume at which target words were presented to
adjust for individual hearing ability and by mini-
mizing the background noise in order to rule out
measurement error (Helfer, 1992; Van Rooij &
Plomp, 1992).
These findings suggest that verbal memory
function may be underestimated in individuals
with mild to moderate degree of hearing loss. In
clinical settings where age-based norms for neu-
ropsychological tests are used, this can lead to
misclassification of individuals with putative
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Fig. 3. Proportional histogram of hearing acuity for
individuals who report hearing difficulties (n
= 39) and those who do not (n = 414).
cognitive disorders, such as dementia, particu-
larly in the early stages when it is important to
distinguish between depression and age-consis-
tent memory impairment. For example, based on
our model the maximum score for delayed recall
in an individual aged 60 years with a 30-dB
pure-tone hearing loss was statistically compara-
ble to that of someone aged 85 years with nor-
mal hearing (all other variables in the model
being equal). Moreover, it should be noted that
our sample may represent an elite sample from
the general population with respect to both hear-
ing and cognitive ability and therefore the true
associations between hearing ability and verbal
memory may be even stronger than were found
in this study. We feel that such observations em-
phasize the need to evaluate the auditory func-
tion of any patient with potential hearing loss
before definite conclusions are drawn from the
results of verbal memory tests.
Figure 3 indicates that reported complaints
about hearing loss may provide some indication
of an existing hearing dysfunction. The hearing
acuity of individuals with hearing problems in
this sample (n = 39) was on average 12.5 dB
lower than that of individuals without hearing
problems (M = 25.9 dB [SD = 10.1] and M =
13.4 dB [SD = 7.8] , respectively; p < .001).
However, there was a large overlap in the distri-
bution of hearing acuity between the two groups.
We included a measure of information pro-
cessing speed in Models 3 to 5 as a central medi-
ator of both hearing acuity and memory func-
tion. Although other cognitive abilities may po-
tentially contribute to the outcome on LDST
performance, we expect that auditory function
as measured in this study can only be affected
by the time needed for central stimulus process-
ing and much less by other cognitive processes
that load on the speed score (Model 2).
Speed independently explained up to 4% of
the variance in memory performance scores.
However, the effect of Speed on memory func-
tion was not mediated by Hearing Acuity. This
observation may indicate that the central compo-
nent of hearing acuity (mediated by neural struc-
tures beyond the cochlea), as proposed in earlier
studies, is implicated less in verbal memory per-
formance than the peripheral component (ana-
tomical structures in the middle and inner ear).
Conceivably, the effects of information process-
ing speed in the models of verbal memory func-
tion (3 to 5) were to some extent overestimated
as other cognitive processes than ’central’ speed
alone may have been implicated in the speed-
memory relationship. Nevertheless, this is an
interesting finding in the light of previous find-
ings of negative associations between moderate
hearing loss and the score on the Mini-Mental
State Examination, a broad cognitive screening
instrument, in an older population of mixed de-
mentia status (Uhlmann, Larson, Rees, Koep-
sell, & Duckert, 1989a; Uhlmann, Teri, Rees,
Mozlowski, & Larson, 1989b). Indeed, some
evidence exists that a hearing impairment may
reduce adult intellectual performance over time
(Sands & Meredith, 1989). The present sample
did not include individuals with overt cognitive
disorders (Jolles et al., 1995). Our sample will
be followed up after 6 years as part of the
MAAS program. This will enable us to test the
hypothesis that in a normal aging population a
central component of hearing acuity is associ-
ated with verbal memory function.
In conclusion, this study demonstrates that
the outcome of verbal learning tests must be in-
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terpreted with caution in individuals with mild
to moderate hearing loss. If the exact deficit can
be determined by pure-tone audiometry, then
adjustment of the individual’s age in age-spe-
cific norm tables seems justified. However, if
normative values are based on older individuals
of unknown auditory status, then this procedure
may not be acceptable. In future studies the is-
sue needs to be addressed if well-standardized
visual verbal learning tests are less affected by
age-related sensory impairment. If so, such tests
may resolve some of the above-mentioned diffi-
culties in the interpretation of test results in indi-
viduals with a hearing impairment.
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